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This experiment was conducted to study the effect of various levels of ACV® and Propionic acid (PA) on
expression of immune related genes and growth performance in white shrimp (Litopenaeus vannamei).
Three hundred and seventy-ﬁve shrimps with an average initial weight of 10.2 ± 0.04 g were collected
and acclimatized for two weeks. Five experimental diets including control diet, 0.5% PA diet and 1%, 2%
and 4% ACV® diets were applied to feed the shrimps. They were fed 4 times a day with 2.5% of body
weight. After 60 days of culture, shrimps fed with ACV® and PA diets showed no signiﬁcant difference in
growth performance. Expression of prophenoloxidase (proPo), lysozyme (Lys), penaeidin-3a (Pen-3a)
and Crustin (Cru) genes were determined from hepatopancreas, using the real-time PCR after 15, 30 and
60 days. Expression of Lys and proPo genes was signiﬁcantly up regulated in shrimps fed with ACV® and
PA diets compared to the control group after 30 and 60 days of treatment. After 15 days, Pen-3a gene
expression was signiﬁcantly higher in PA group compared to the control group. Also, shrimps fed with 1%
and 4% ACV® and PA diets showed signiﬁcantly increased expression of Pen-3a after 30 days. In contrast,
expression of Cru was signiﬁcantly down regulated in response to ACV® diets, but, Cru expression in
treated shrimps with PA diet was greater than the control group after 30 and 60 days. Overall, the results
provided evidence that ACV® could be used as a natural immunostimulant for shrimps in order to adjust
and enhance expression of the immune related genes.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The occurrence and spread of diseases in aquaculture industry
can signiﬁcantly restrict the productivity and as a result, farmers
extremely use antibiotics in order to prevent diseases. Thewide use
of antibiotics can increase concerns due to their negative effects on
growth performance, resistant bacterial strains in host animals,
potential harms to human and the environment. So their usage has
been limited or banned in many countries. Also, A protective way
such as using vaccines has been investigated to reduce the outbreak
of diseases and mortality in aquaculture systems; however, it
cannot be utilized for all crustaceans because they don't have
speciﬁc immune systems [1]. That is why, identifying appropriateorgan University of Agricul-
138-15739, Iran. Fax: þ98
zaffar).
Ltd. This is an open access article uantibiotic alternatives is receiving increasing attention and organic
acids also recently have been investigated to apply in aquaculture
feeds [2]. Moreover, other dietary additives, including probiotics
and immunostimulants have increased the immunological re-
sponses of L. vannamei [1,3,4]. Organic acids are “Generally Regar-
ded as Safe” compounds often containing one or more carboxyl
groups (eCOOH) with antimicrobial in the livestock food industry
[5]. Organic acids (C1eC6) such as citric, formic, lactic, malic, acetic,
butyric, propionic and sorbic acids have been shown to promote
growth performance in aquaculture animals. Several studies have
revealed that dietary supplements of organic acids or their salts
enhanced the growth performance in Beluga (Huso huso) [6], Red
drum (Sciaenops ocellatus) [7], Rainbow trout (Oncorhynchus
mykiss) [8], White leg shrimp (Litopenaeus vannamei) [5,9] and
piglet [10].
The primary antimicrobial action of organic acids is limiting
growth of bacteria. Carboxyl group in organic acids can passively
diffuse through cell wall of Gram negative bacteria, and reduces the
internal bacterial cytoplasm pH thus prevents bacterial metabolismnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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tion is the most common way to add organic acids. The Shrimps
(L. vannamei) fed with butyrate showed lower number of Vibrio sp.
in the intestine [9]. Also, total viable bacteria and Vibrio numbers in
the hepatopancreas tiger shrimps (Penaeus monodon) fed with
organic acids signiﬁcantly decreased [2]. Similarly, the benzoic acid
in piglets could reduce, the number of gram negative bacteria in
piglets [10]. Recently, in vitro assays have used organic acids to
evaluate the inhibitory effects on growth of Vibrio harveyi and the
results indicated that the minimum inhibitory concentrations of
acetic and propionic acids were 0.041% and 0.03%, respectively [13].
Because of these promising results, assessment of immune related
genes activity caused by products of organic acids has been deemed
essential.
At the present time, feed additives of natural origin, used in
natural medicine with a fractional afﬁnity. ACV (Apple Cider Vin-
egar) is one of these natural substances known for hundred years
from renaissance. In fact, it was ﬁrstly used some 5000 years ago.
Hippocrates, prescribed the mixture of honey and apple cider
vinegar as a therapy for various diseases [14]. ACV is an acidic so-
lution produced by fermenting apples. ACV counteracts injurious
bacteria that might be present in some foods and could aid diges-
tion process [15]. In addition, it was recently shown that this sub-
stance hase a variety of pharmacological functions, (e.g.
antioxidant, antidiabetic, etc.), and also is able to decrease the
cholesterol level [16].
Despite the beneﬁcial effects of dietary organic acids supple-
mentation in animal species, to the best of our knowledge, no
previous studies exists regarding the application of dietary ACV® in
aquaculture. Therefore, the objectives of the present study per-
formed to investigate dietary ACV® and PA effects on growth pa-
rameters and expression of immune related genes in Litopenaeus
vannamei with initial body weight of 10 g.
2. Material and method
2.1. Feed preparation
Food composition is presented in Table 1. Commercial shrimp
feed (from pellet sizes of 2 mm) were produced from Beyza Feed
Mill (Iran) for use at stage of the grow-out cycle. After grinding the
feed, we mixed it with water. The pelletizing process was carried
out through a meat grinder [12] and gelatin was added as binder
[17]. For experimental diets, ACV and PA were sprayed over a basal
shrimp feed. The experimental diets were dried according to a
previously described method [12]. The gelatinwas added in controlTable 1
Ingredient (g kg1 dry matter) and proximate composition of basal diet.
Ingredient Treatments
Control 1% ACV 2% ACV 4% ACV 0.5% PA
Fish meal 255 255 255 255 255
Soybean meal 320 320 320 320 320
Wheat ﬂour 275 275 275 275 275
Wheat gluten 50 50 50 50 50
Shrimp shell meal 30 30 30 30 30
Fish oil 30 30 30 30 30
Lecithin 10 10 10 10 10
Vitamin complex 20 20 20 20 20
Mineral complex 10 10 10 10 10
Proximate composition (g kg1 dry weight)
Dry matter 907 907 907 907 907
Crude protein 475 475 475 475 475
Crude lipid 110 110 110 110 110
Crude ﬁber 51 51 51 51 51
Crude ash 75 75 75 75 75diet, 1%, 2%, 4% ACV and 0.5% PA diets to ensure equal amounts of
gelatin in all experimental diets. The proximate composition of
diets have been described in the methodology as determined
following standard AOAC methods [18] and previously described in
da silva et al. [9]. The method of Kjeldahl based on nitrogen levels
was used to determine the crude protein. The crude ﬁber was
analyzed by the sulfuric acid detergent method. The drymatter was
estimated by gravimetric analysis after drying in an oven at 100 C
for 24 h. The crude ash was calculated gravimetrically by burning,
in a mufﬂe furnace, at 550 C for 6 h. Finally, the crude lipid was
analyzed based on ether extractison.
2.2. Experimental design
Three hundred and seventy-ﬁve healthy individuals of
L. vannamei (10.2 ± 0.04 g) obtained from the local commercial
shrimp farm in Gomishan, Golestan province, Iran. They were
transported to the aquaculture lab at Gorgan university of Agri-
cultural Sciences and Natural Resources then acclimatized to the
experimental conditions for two weeks. After adaptation, the
shrimps were randomly distributed to ﬁfteen 400 L ﬁberglass tanks
at 20.27 ± 1.21 ppt and 25.84 ± 1.64 C. Water quality parameters
were measured daily. Shrimps were fed daily with the experi-
mental diets. Also, they were fed at 2.5% of body weight with its
experimental diets at 07:00, 11:30, 15:30 and 22:00 during the
experimental period (60 days). Food Ingredients and composition
are presented in Table 1. At the end of acclimatization, the shrimps
were randomly distributed to ﬁve groups and fed with the com-
mercial diet (control group) while the other groups were fed with
different doses of ACV® (containing 5% acetic acid) including 1%, 2%
and 4% and 0.5% liquid Propionic acid (Sigma Aldrich St. Louis, Mo,
USA, pure 99.5%).
2.3. Biometry and growth parameters assay
At the end of the feeding trial, growth performance of different
treatments were calculated according to Zokaeifar et al. [20].
Weight gain (%) ¼ {(Final body weight  Initial body weight)/
Initial body weight}  100.
Speciﬁc growth rate (SGR %) ¼ {(ln Final bodyweight  ln Initial
body weight)/Experiment period}  100.
Food conversion ratio (FCR) ¼ Total feed intake (g)/Total wet
weight gain (g).
2.4. RNA extraction
During the feeding period, three shrimps from each replication
were sampled randomly after 15, 30 and 60 days for immune genes
expression assays. Expressions of Lys, Cru, Pen-3a, proPo and b-
actinwere determined from the hepatopancreas. The samples were
frozen immediately in liquid nitrogen and stored at 80 C until
RNA extraction. Total RNA of hepatopancreas was isolated using
RNAx Plus (CinnaGen, Iran) according to the manufacturer's in-
structions. Afterwards, the quantity and concentration of RNAwere
measured by spectrophotometer at 260 and 280 nm, and the RNA
ratios (A260:A280) greater than 1.8 were used for further experi-
ments. The RNA quality was evaluated by electrophoresis on a 1.5%
agarose gel and staining with ethidium bromide. First-strand cDNA
synthesis by SuPrime Script RT Premix (2X) cDNA Synthesis Kit
(GeNet BIO Inc; Daejeon, South Korea) following the protocol
suggested by company.
2.5. Relative mRNA expression of immune related genes
Primers of each gene were designed using Primer 5.0 software,
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time PCR was carried out in IQ5 system (Bio Rad, USA) using 1x
SYBR Green PCR Master Mix (SYBR Biopars, GUASNR, Iran), 100 nM
of each forward and reverse speciﬁc primers, 10 ng of cDNA tem-
plate and nuclease free water to ﬁnal volum of 20 ml were used and
all thermal proﬁle of PCR reaction mixtures was done after Mian-
dare et al. [3]. Table 2 reveals the primers used for ampliﬁcation of
Lys, Cru, Pen-3a, proPo and b-actin. To validate the real-time PCR
primers, each genes speciﬁc primer pair was run in duplicate, along
a temperature gradiant (55e65 C) in the same plate. The PCR ef-
ﬁciency and change in relative mRNA expression were calculated
based on the standard melting curve [21] analysis with dilution
series cDNA (including ﬁve dilutions from 1/5 to 1/200). The PCR
efﬁciency was to the following equation [22].
PCR efficiency ¼ 10ð1=slopeÞ1  100
The obtained data were analyzed using the iQ5 optical system
software version 2.0 (Bio-Rad).
2.6. Statistical analysis
Statistical analysis was performed using SPSS (version 18). All
data were analyzed by one-way analysis of variance (ANOVA) [3]
with post hoc LSD to adjust P values for multiple comparisons.
Normality was conﬁrmed by the KolmogoroveSmirnov test.
P < 0.05 was considered statistically signiﬁcant.
3. Result
3.1. Growh performance
The result of growth performance in Litopenaeus vannamei
shrimp fed with different ACV® levels and PA diets are shown in
Table 3. However, no signiﬁcant differences in growth performance
were detected among the ACV® and PA treatments. The FCR of
shrimp ranged from 3.01 to 3.67, with the highest and lowest FCR in
the 4% ACV® and control treatments, respectively; although no
signiﬁcant differences were detected (Table 3).
3.2. Lys gene expression
The expression proﬁles of the four immune related genes in
hepatopancreas of the white shrimp (Litopeneaus vannamei) after
dietary ACV® and PA treatments are shown in Fig. 1AeD. Dietary
intake of ACV® and PA signiﬁcantly enhanced the mRNA expression
of Lys after 30 and 60 days (p < 0.001) compared with the control
diet group. There was no considerable difference between treat-
ments, except for the 1% ACV® diet that showed signiﬁcant down
regulation after 15 days of treatment. The highest expression of Lys
was appeared under PA treatment after 60 days (Fig. 1A).Table 2
Primers used for the real-time PCR assay of four immune related genes and one internal
Gene Accession number qPCR primers, fo
ProPo AY723296 CGGTGACAAAGT
GCAGGTCGCCGT
Lys AY170126.2 TGT TCC GAT CT
GCT GTT GTA AG
Pen-3a Y14926 CACCCTTCGTGAG
AATATCCCTTTCC
Cru AF430076 ACGAGGCAACCA
AACCACCACCAA
b-actin AF300705 CCACGAGACCAC
AGCGAGGGCAGT3.3. Cru gene expression
Based on the results, the relative quantiﬁcation of Cru gene
showed a regular decrease after the ACV® feeding diets during the
experimental period (p < 0.001). In contrast, the Cru mRNA level
was higher in shrimp fed PA diet supplemented compared to the
control group and reaching its peak after 30 days (p < 0.001)
(Fig. 1B). The results suggested that the Cru gene expression was
related to the ACV® and PA diets.
3.4. Pen-3a gene expression
The Pen-3a gene expression pattern of L. vannamei fed with the
diet supplemented with different levels of ACV® and PA are pre-
sented in Fig. 1C after 30 days of treatment, Pen-3a gene expression
was signiﬁcantly up regulated at 1%, 4% ACV® and PA supplemented
diets (p < 0.001). This differencewas observed in 1% and 2% ACV® at
the end of the experiment (Fig. 1C). Moreover, the expression of
Pen-3a decreased and reached its minimum at 4% ACV® and PA
diets compared with 1% and 2% ACV® groups on day 60 (p < 0.001).
There were no signiﬁcant differences in Pen-3a expression among
the ACV® and control treatments, but the highest level was recor-
ded for PA diet after 15 days (p < 0.001) (Fig. 1C).
3.5. proPo gene expression
During the culture, shrimps fed with ACV® and PA diets showed
signiﬁcant enhancement in expression of proPo gene. (p < 0.001)
(Fig. 1D). In contrast, the expression pattern was observed in Cru
gene in ACV® groups. Therefore, the proPo transcript level was
induced by supplementary diets, and reached the maximum in PA
treatment after 60 days. (p < 0.001) (Fig. 1D).
4. Discussion
ACV contains ﬂavonoids, polyphenolic, organic acid, vitamin
and mineral elements. These components contribute to variety of
pharmacological functions [16]. Also Practical evidences suggested
that acetic acid is the major element in apple cider vinegar [14,15].
Its concentration is usually about 3e9% in ACV. Growth enhance-
ment effect of ACV is attributed to its role in nutrient digestibility
and its high contents of several nutrients, such as organic acids,
vitamins and minerals. Khajepour and Hosseini [6] demonstrated
that citric acid enhanced growth, apparent protein and phosphorus
digestibility. Previous studies have reported that addition of
organic acids blend 2% and their salts (butyrate and propionate)
0.5e2% in diets of white shrimp with initial weight 0.12 and 2.5 g
respectively, (L. vannamei) improved growth at the end of the
experimental period [5,9]. However, another study indicated that
the beneﬁcial effects of organic acids on growth performancemight
possibly be due to an increase inactivity of several digestivecontrol b-actin gene of shrimp.
rward/reverse Amplicon Efﬁciency (%)
TCCTCTTC
AGTAAG
122 98
G ATG TCC
C CAC CC
123 96
ACCTTTG
CACGTGAC
121 95
TGAAGG
CACCTAC
141 97
CTACAAC
GATTTC
150 98
Table 3
Growth performance of shrimp fed with control and ACV® (Apple Cider Vinegar) and PA (Propionic acid) diets.
Parameters Control 1% ACV® 2% ACV® 4% ACV® 0.5% PA
IBW (g) 10.21 ± 0.045a 10.26 ± 0.045a 10.15 ± 0.05a 10.20 ± 0.025a 10.19 ± 0.02a
FBW (g) 14.09 ± 0.59a 14.10 ± 0.55a 13.87 ± 0.59a 13.52 ± 1.03a 13.69 ± 0.43a
WG (%) 37.964 ± 5.9a 37.451 ± 5.8a 36.667 ± 5.53a 32.867 ± 5.21a 34.33 ± 4.53a
SGR (% day 1) 0.64 ± 0.08a 0.63 ± 0.08a 0.62 ± 0.08a 0.56 ± 0.15a 0.59 ± 0.06a
FCR 3.01 ± 0.5a 3.06 ± 0.52a 3.12 ± 0.51a 3.67 ± 0.99a 3.30 ± 0.4a
IBW, Initial bodyweight; FBW, Initial bodyweight;WG,weight gain; SGR, speciﬁc growth rate; FCR, feed conversion ratio. Values (mean± SE) containing different superscripts
in same row denote signiﬁcant difference among the treatments (p < 0.05).
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anism of this effect in enhancing growth performance is not known
yet. In contrast, our results demonstrated that the additives used in
this study do not affect the performance in the stage of rearing
evaluated (10e14 g). In the present study, the shrimps fed with
ACV® supplemented diets were obviously more active when feed
was supplied compared to those fed with the control diet after
about 15 days onwards. However, there is not sufﬁcient data on
using ACV® in aquaculture industry. Similarly, previous studies
have illustrated that utilizing different organic acids blends did not
signiﬁcantly enhance growth of tilapia (Oreochromis sp) and
rainbow trout (Oncorhynchus mykiss) [11,17].
Shrimp diseases globally are one of the main limitations for
making sustainable progress in shrimp aquaculture industry; so
studies of shrimp immune related genes expressions has received
accumulative attentions. The results of the present study were
exclusively based on the expressions of selected genes from
hepatopancreas. Furthermore, previous studies, have indicated that
the hepatopancreas is a crucial organ in the immune system of
penaeid shrimp [24]. In this study, it has been clearly shown that
the different immune related genes were expressed at different
times.
The crustaceans lack a highly developed speciﬁc immune sys-
tem unlike the vertebrates and rely highly on non-speciﬁc cellular
and humoral factors. Humoral responses include the proPo acti-
vating system, phosphatase, Lys and antimicrobial peptides (AMPs)
such as Pen, Cru, anti-lipopolysaccharide factors (ALFs), etc. [25].
Lys was named by Fleming in 1922 for the ﬁrst time [26]. Lysozyme,
also recognized as muramidases is a well-known AMP and this
protein is involved in a broad range of defense mechanisms
including bacteriolysis, opsonization, immune response, and anti-
microbial and antiviral activity [27]. The ﬁrst penaeidae Lys cDNA
was introduced in Litopenaeus vannamei [28]. The results revealed
that, shrimps fed with of ACV® and PA showed an increased
expression level of Lys gene after 30 and 60 days after of treat-
ments. Therefore, studies of enhancing of immune system of
shrimps arising by the organic acid compounds such as PA is scarce.
However, increase of Lys gene expression was as a result of
enhancement of innate immune protection against infectious
pathogens, environmental toxicants and stressors. In agreement
with our results, Miandare et al. [3] reported positive effect of di-
etary probiotic supplementation on Lys expression gene in white
shrimp. The expression of Lys was up-regulated in hepatopancreas
6 h post-injection lipopolysaccharide [29]. Park and Choi [30]
demonstrated that lysozyme activity was signiﬁcantly higher for
Nile tilapia (Oreochromis niloticus) fed the mistletoe (Viscum album
coloratum) supplemented diets as well signiﬁcant decrease in
mortality was observed after challenge with Aeromonas hydrophila
infection. However, the Lys also had wide range of antibacterial
activities against Gram positive and Gram negative shrimp patho-
gens such as Micrococcus lysodeikticus, V. harveyi, Edwardsiella
tarda, V. alginolyticus and V. parahemolyticus [26,31e33]. Viral
infection can result in 100% mortality of aquatic organisms withindays of infection and poses a enormous threat to shrimp farming
industry worldwide, particularly, the disease caused by White Spot
Syndrome Virus (WSSV). Therefore, Lys gene level against WSSV
was up regulated and reduced the level of viral infection by
enhancing the innate immune response of shrimp to infection in
blue shrimp (Litopenaeus stylirostris) [27].
Cru is one of the most widespread classes of AMPs reported
frompenaeids. Different types of Cru exist and they differ from each
other in just 1e4 amino acids and have been reported previously
[25]. The results of the present study demonstrated that ACV® diets
remarkably decreased expression level of Cru during the experi-
mental period. Conversely, it was found that expression of Cru was
signiﬁcantly up regulated in response to PA diet. To date, the
fundamental mechanism of increasing shrimp immune system,
particularly AMPs by organic acid is not clearly known. Regarding
antibacterial activity of Cru, most reports have suggested activation
against Gram positive bacteria, In contrast, activity against Gram
negative bacteria or fungi was rarely detected [25,34,35]. Okumura
[4] reported that, lipopolysaccharide injection decreased mRNA
levels of Cru in the white shrimp (L. vannamei). Prawn (Macro-
brachium rosenbergii) fed with the 6 g kg1 banana (Musa acumi-
nata) showed that up-regulated Cru expression after 120 day of
feeding trial [36]. In addition, oral administration of peptidoglycan
exhibited an increased expression level of Cru gene in kuruma
prawn (Marsupenaeus japonicus) at 7 day post feeding [37]. How-
ever, based on some studies absence of Cru results in an obvious
increase in mortality rates in L. vannamei and Marsupenaeus japo-
nicus after infection with the Gram negative shrimp pathogen,
V. penaeicida, whereas infection with Fusarium oxysporum does not
change shrimp mortality state [38,39]. The available published re-
ports to date show activity of Cru against only a few Gram negative
bacteria.
Penaeidins (5.5e6.6 kDa peptides) are an important family of
antimicrobial peptides (AMPs) in penaeid shrimp [4,40]. To date,
some 40 penaeidins have been recognized in shrimp, and divided
into ﬁve sub-groups (Pen 1e5) based on the amino acid sequence
similarities [40]. Pen, a class of AMPs from shrimp, was initially
isolated from Litopenaeus vannamei and reported by Destoumieux
and Colleagues [41,42]. Moreover, they have strong activity against
Gram positive bacteria, fungi, and also moderate activity against
Gram negative strains [4,41], viruses and protozoans [42]. Pen
mRNA was expressed in hemocytes, heart, hepatopancreas, gills,
stomach and intestine, and was up regulated after bacterial chal-
lenge [11,15]. However there is no available information on the
effects of dietary ACV on immune responses of shrimp. The main
ﬁnding of the present study is that ACV® diets (1%, 4% and 1%, 2%)
led to increase in mRNA levels of Pen-3a compared to the control
diet after 30 and 60 days, respectively. In addition, Shrimps fedwith
0.5% PA showed the highest and lowest expression of Pen-3a after
15 and 60 days of treatment, respectively Our results revealed, up/
down-regulation of Pen-3a gene in shrimp fed with ACV® and PA
diets, in a time dependent manner. With this regard Miandare et al.
[3] have reported that white shrimp (L. vannamei) fed with dietary
Fig. 1. A. Relative mRNA expression of Lysozyme (Lys) of the shrimp Litopenaeus
vannamei fed with diets supplemented with Apple Cider Vinegar (ACV®) and Propionic
acid (PA). Values are presented as the mean ± SD. Different lowercase letters indicate
statistically signiﬁcant differences (p < 0.05). B. Relative mRNA expression of Crustin
(Cru) of the shrimp Litopenaeus vannamei fed with diets supplemented with Apple
Cider Vinegar (ACV®) and Propionic acid (PA). Values are presented as the mean ± SD.
Different lowercase letters indicate statistically signiﬁcant differences (p < 0.05). C.
Relative mRNA expression of Penaeidin-3a (Pen-3a) of the shrimp Litopenaeus vanna-
mei fed diets supplemented with Apple Cider Vinegar (ACV®) and Propionic acid (PA).
Values are presented as the mean ± SD. Different lowercase letters indicate statistically
signiﬁcant differences (p < 0.05). D. Relative mRNA expression of Prophenoloxidase
(proPo) of the shrimp Litopenaeus vannamei fed with diets supplemented with Apple
Cider Vinegar (ACV®) and Propionic acid (PA). The values are presented as mean ± SD.
Different lowercase letters indicate statistically signiﬁcant differences (p < 0.05).
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sion level of Pen-3a in comparisonwith the control group. Cell wall
component from multi-strain probiotic (PrimaLac) such as lipo-
polysaccharides and peptidoglycans stimulate expression level of
Pen-3a in shrimp. Conversely, injection of lipopolysaccharide
inhibited the expression of Pen level in white shrimp [4]. Also,
white shrimp fed with b-1,3-glucan diets down-regulated Pen-3
gene after 6 and 12 h feeding [44]. Pen-3a might be a powerful
antibacterial protein which plays a role in innate immunity in
penaeid shrimp. An et al. [40] reported that MjPen-II demonstrated
antibacterial activity against both Gram positive and Gram negative
bacteria in kuruma shrimp (Marsupenaeus japonicus). On other
study suggested that, Pen 3 mRNA expression was up regulated
after microbial challenge with Vibrio parahemolyticus [41]. The up-
regulation of penaeidin mRNA expression increases young hae-
mocytes which are actively expressing penaeidin genes in the
circulating haemocyte population, resulting in an enhancing
phagocytosis and agglutination [4].
The proPo system is a strong regulated defense mechanism that
is involved in biosynthesis of melanin and production of toxic in-
termediates for pathogenic [45]. Also, proPOwas ﬁrst introduced in
the freshwater crayﬁsh Pacifastacus leniusculus in 1995 [46]. The
prophenoloxidase activating system (proPOAS) is an efﬁcient non
self-recognition system which consists of several important pro-
teins including proPo, pattern-recognition proteins (PRPs), serine
protease (SP), and serine protease inhibitors (serpins). The proPO, is
inactive proenzyme of phenoloxidase (PO) [47]. According to the
other investigations two types proPo genes was cloned and
described from the species L. vannamei and Penaeus monodon
[48,49]. Relative expression of proPo, signiﬁcantly increased in
ACV® and PA treatments during the treatment period. The proPO
activity response to immune stimulants such as, probiotic (Prima-
Lac® and Lactobacillus plantarum), lipopolysacharide and Sargassum
wightii has previously been reported in L. vannamei and Penaeus
monodon [3,4,46,50]. These results demonstrated that dietary ACV®
and PA administration could enhance PO activity resulting from
advancement the gene transcription and translation of proPOs in
L. vannamei. In agreement with our results, some researchers has
shown that, shrimps fed with the diet containing organic acids
blend showed enhanced PO activity and consequently led to higher
survival against Vibrio harveyi [2,5]. Amparyup et al. [48] and Chiu
et al. [46] reported up regulation of proPo expression increased
resistance to Vibrio alginolyticus. Furthermore, another study re-
ported up regulation of proPo in shrimp fed with Bacillus subtilis
diets compared to the control group after challenge with V. harveyi
[20]. In contrast, based on some investigations proPo expression
was down regulated in shrimps challenged with white spot syn-
drome virus (WSSV) [51,52] and necrotizing hepatopancreatitis
bacterium after 24 days [53]. Similarly, ProPo expression was down
regulated and caused raised Penaeus monodon mortality following
V. harveyi infection [54]. So, the expression and regulation of proPo
of shrimps were signiﬁcantly related to the diet administration,
environmental changes and pathogens challenge. Previous studies
demonstrated that organic acids led to improved resistance of
shrimp to pathogens [2,5,11]. This led to the hypothesis that they
contribute to regulate the AMPs secration of shrimp and main-
tained or increased the immune response of shrimp. However, little
information is available about the molecular mechanisms of
organic acid on immune related genes of shrimp.
5. Conclusion
The present study revealed that ACV® and PA diets had no
beneﬁcial effects on growth performance in the stage of rearing
evaluated in this study (10e14 g). Furthermore, transcriptomic
S. Pourmozaffar et al. / Fish & Shellﬁsh Immunology 60 (2017) 65e7170study demonstrated up-regulation of Lys, Pen-3a and proPo genes
expression in shrimp fed ACV® and PA diets. Though, dietary ACV®
decreased Cru gene expression but PA diet showed a remarkable
increase of Cru mRNA level. Further investigations are required to
better understand roles of ACV in different immune response
procedures in shrimp.
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